In this overview, the essential oil composition of more than 150 species from about 50 genera of the Apiaceae is reviewed. Essential oil components encountered in Apiaceae proved to be very diverse; they include monoterpenes, sesquiterpenes, rarely diterpenes, phenylpropanoids, phthalides, octanol and octyl esters, trimethylbenzaldehydes and aliphatic aldehydes. In assessing the data one has to keep in mind that the essential oil amount and composition is influenced by many factors, including geographic and genetic variation, physiological aspects and environmental conditions. In some species the occurrence of chemotypes could be demonstrated, but in many cases the data available do not allow the evaluation of infraspecific variability.
Plant secondary products typically found in Apiaceae are essential oils, including terpenoids and phenylpropanoids, coumarins and furanocoumarins, sesquiterpenelactones, polyacetylenes (polyines), and further compounds derived from acetate units, such as alkylphthalides and the toxic piperidine alkaloids [1] .
In this review, an overview is attempted of the main compounds in essential oils from a broad range of Apiaceae growing wild in Europe and the Mediterranean region, including Asia Minor. The data presented are gathered from published literature where most of the authors report contents of individual compounds as percentages of peak areas derived from the FID signal in GC or TIC in GC/MS. Comparison of such data may not give quite the correct results, but exact quantifications of the compounds using calibration curves established with pure substances or more simply the use of correction factors to take into account the detector response has only been carried out in a few and mostly very recent investigations [2] .
In evaluating the essential oil composition one has to keep in mind that the oil production is governed by numerous factors. They include not only the genetic variability but also physiological variation, such as organ development, pollinator activity, seasonal variation, mechanical or chemical injuries, and also further environmental conditions, such as edaphic factors, climate, pollution, diseases and pests [3] . Seasonal variation certainly plays an important role, for instance in Crithmum maritimum, in which the relative amount of sabinene decreased from the summer to the next winter, while the γ-terpinene amount increased [4] .
From some species the data basis is sufficient to demonstrate the occurence of either geographic variation or the presence of chemotypes. However, from many species and plant parts, only single oils or a few oils have been analysed, so that for these species the intraspecific variability cannot be evaluated.
In the essential oils from Apiaceae different volatiles are present. Monoterpenes are frequently found, especially in the fruit oils, where α-pinene is amongst the major compounds in many species, often in combination with other monoterpenes. Sesquiterpenes are also frequent oil compounds. The diterpene phyllocladene is a major compound in the oil from some Eryngium species [5, 6] . Phenylpropanoids, like myristicin, elemicin and apiole occur in a range of species. Such compounds are preferably found in root oils. Pseudoisoeugenol derivatives are found in the genus Pimpinella. Phthalides, such as Z-ligustilide, occur in root oils of Meum athamanticum [7, 8] and Ligusticum mutellina [9] . Octanol and various octyl esters are the characteristic compounds in the genera Pastinaca, Heracleum and Tordylium. Various trimethyl benzaldehyde isomers have been found in Eryngium species [10, 11] , Bupleurum gibraltaricum [12, 13] , Silaum silaus [14] and Ferulago syriaca [15] . Finally, the oil from Bifora radians is composed mainly of aliphatic aldehydes [16] . Furanocoumarins have been found in various Apiaceae, for instance in the genera Pastinaca and Heracleum [17] , but these compounds are usually not recovered in distilled oils.
The oil composition may be quite different in the different plant organs of the same species. For instance, the fruit oil of Laser trilobum was dominated by limonene and perillaldehyde, whereas the oil from the leaves of the same plant had bornyl acetate as its main compound [18] . Root oils may be clearly different from the oils of the aerial parts, as for instance in Daucus carota ssp maxima, where the root contained the phenylpropanoids dill apiole and myristicin while the inflorescences had mainly sabinene and terpinen-4-ol [19] .
The order in the following presentation of the main essential oil containing genera is in accordance with the Flora Europaea [20] . The genera and species and sometimes subspecieces reviewed are presented in Table 1 . There are several records of the essential oils from species of the subfamily Saniculoideae, which are summarised in Table 2 . Sanicula europaea, growing in woodlands throughout Europe, had β-selinene and caryophyllene oxide as its main oil compound [21] . In the essential oil from Astrantia major cultivated in The Netherlands the sesquiterpenes β-sinensal, β-sinensol and β-sinensyl acetate have been isolated [22] .
The genus Eryngium is represented by 26 species in the Flora Europaea [20] ; the more recent Flora Iberica [23] lists 16 species in the Iberian Peninsula, while the Flora of Turkey [24] enumerates 20 species. In some species of Eryngium various isomers of trimethylbenzaldehyde are main compounds, and sesquiterpenes are often present in the oils. Eryngium species from Spain often had the diterpene hydrocarbon phyllocladene or phyllocladene isomer as their main compound [5, 6] . α-Pinene was found amongst the main compounds in the oils from E. amethystinum [11] . Serbian E. palmatum and E. serbicum had mainly sesquiterpenes in their oils [25] .
Petangnea goussonei, growing in wet places in springs, and endemic in Sicily (Italy) [26] , has an essential oil rich in hexadecanoic acid and germacrene D [27] .
The species discussed further all belong to the subfamily Apioideae. The composition of their oils is summarised in Table 3 .
From Myrrhoides nodosa, occurring in southern Europe and growing in clear forests, the herb oil contained mainly either monoterpenes [29] or phenylpropanoids, such as methyl chavicol [30] .
The genus Chaerophyllum contains about a dozen species [20] , most of which had monoterpenes as main compounds in their oils. However, the main compound in the fruit oil from Ch. aksekiense, endemic in Turkey, had heptacosane as its main compound, followed by sesquiterpenes [31] , and in Ch. coloratum from Montenegro, E-β-farnesene was the main oil compound [35] .
Anthriscus cerefolium oil is dominated by methyl chavicol (estragole) [38, 39] , whereas in the oils from A. sylvestris, β-phellandrene and other monoterpenes are the main compounds [40] . The volatiles emitted from the flowers of A. sylvestris were myrcene (47.0%), δ-3-carene (8.5%), Z-β-ocimene (7.7%), E-β-ocimene (5.0%) and γ-cadinene (8.3%) [41] .
Two types of oils from Myrrhis odorata are known: plants from northern Europe had E-anethole as its main compound [44, 43] , whereas oils from southeast Europe were dominated by monoterpenes, such as p-cymene and α-terpinene [45] .
Smyrnium olusatrum, a plant from moist, umbrageous, uncultivated places, produces only little oil amounts, which are characterized by the presence of the furano ring containing sesquiterpenes furanodiene and curzerene [46] . S. perfoliatum oil contained, besides germacrene D, 1β-acetoxyfuraneudesm-3-ene [48] .
1480 Natural Product Communications Vol. 5 (9) 2010 Chizzola N: order of the genera following Flora Europaea [20] Part: F: fruits, H: herb, I: inflorescences, flowers, L: leaves, R: roots or rhizomes; S: stems Oil%: oil yield in %, usually on dry matter basis, when indicated F, on fresh matter basis The genus Pimpinella is represented by 16 species in the Flora Europaea [20] and more than 30 species in the Flora of Turkey [24] . P. saxifraga, which is widespread in Europe, had monoterpenes in the aerial parts and mainly epoxy pseudoisoeugenyl-2-methyl butyrate in the roots [50] . P. cumbrae, endemic to the Canary Islands, is characterized by α-bisabolol and δ-3-carene in the aerial parts and isokessane and β-dihydroagarofurane in the roots [51] . P. anisetum [52, 53] and P. serbica [33] [50] .
Aegopodium podagraria, a weedy species growing throughout Europe, had various monoterpenes in the oil, The leaf oil contained also a considerable proportion of germacrene D [33, 54] . Volatiles emitted from inflorescences contained limonene (33%), β-pinene (26%) and γ-terpinene (11%) [41] .
The oil from Berula erecta, growing in shallow water throughout Europe, had Z-falcarinol as its main compound [55] .
Crithmum maritimum, a succulent plant from the Atlantic and Mediterranean coasts, had γ-terpinene and other monoterpenes as its main oil compounds [4, 56] . A commercial oil from this species originating from Corsica contained also dill apiole [56] .
In the Flora Europaea [20] , 34 Seseli species are listed. In some species monoterpenes prodominate in the distilled oils, and in others sesquiterpenes or both monoterpenes and sesquiterpenes. Frequently occurring monoterpenes were α-pinene and sabinene. Carotol was the main oil compound in S. andronakii and S. petraeum [57] . E-sesquilavandulol is a major compound in the fruit oil from S. tortuosum [58] and S. campestre [59] . Furthermore, the presence of acorenone has been recorded in S. tortuosum [63] .
Oenanthe crocata is a toxic plant due to the presence of polyacetylenic alcohols, such as 8,10-heptadecadiene-4,6-diyne-1,12-diol [66] . The main componds of the fruit oil were 1,8-cineole, camphor and heptanal, but small amounts of the toxic principle may also be present in the distilled oils [66] . Herb oil from the same species had the ocimene isomers and sabinene as main compounds [65] . The fruit oil from O. pimpinelloides
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Portenschlagiella ramosissima, growing in rocky places, has oils rich in myristicin and γ-terpinene [68, 69] . In Athamantha oils, phenylpropanoids, such as apiol and myristicin predomined, whereas the oil from A. macedonica was constituted of monoterpenes [71] . The oils from Silaum silaus, growing in wet meadows, were rich in myristicin [14] .
Oils from the aerial parts of Meum athamanticum (L.) Jacq. contained mainly monoterpenes, such as E-β-ocimene, γ-terpinene and limonene [8, 76, 77] , whereas the root oil had Z-ligustilide as its main compound [76] . Another root oil from M. athamanticum, cultivated in a botanical garden, contained, besides bicyclo-germacrene, germacrene D, β-bisabolene, α-chamigrene, germacrene B and βelemene, the sesquiterpene hydrocarbons β-bazzanene, α-barbatene and β-barbatene, typical compounds of liverworts (Hepaticae) [78] .
Conium maculatum is highly toxic because of piperidine alkaloids such as coniine and coniceine. The essential oil of this plant is dominated by germacrene D [79] . All the above ground parts of Pleurospermum austriacum produced little essential oil, which was also dominated by germacrene D [80] .
Various Prangos species occur in Turkey. The fruit oils from P. denticulata [81] and P. uechtrizii [83, 84] contained mainly monoterpenes, whereas those from P. heyniae were made up of sesquiterpenes [82] . From P. uechtrizii a fruit oil displayed a high proportion of 7-epi-1,2-dehydrosesquicineole [84] . [86] .
Bupleurum is represented by 39 species in the Flora Europaea [20] , 46 in the Flora of Turkey [24] , and 17 in the Flora Iberica [23] . There are reports of essential oils from only a few species. B. fruticosum and B. gibraltaricum are shrubs displaying mainly monoterpenes, including α-pinene, sabinene, limonene and others in their oils [87] [88] [89] [90] [91] . In B. gibraltaricum also 2,3,4-trimethyl benzaldehyde was found [12, 13] . B. prealtum from the Balkans had sesquiterpenes in the oils, whereas B. sibthorpianum contained heptanal as its main oil compound [33] .
Myristricin was the main oil compound of Trinia dalechampii [94] , whereas T. glauca oils had germacrene D as its main compound, along with other sesquiterpenes [95, 96] .
Falcaria vulgaris is distributed from northern France and central Russia southwards. A report from Iran quoted spathulenol and carvacrol as the main oil compounds [97] .
A root oil from Ligusticum mutellina (L.) Crantz contained ligustilide and the phenylpropanoids dill apiole, myristicin and sarisan [9] . Most of the oils from these plants were dominated by monoterpenes where α-pinene, sabinene, myrcene and limonene occured frequently [33, [118] [119] [120] [121] [122] [123] [124] [125] . The oils from P. paniculatum were characterized by lavandulyl esters and cyclolavandulyl esters [124] .
The genera Pastinaca, Heracleum, Zosima and Tordylium are characterized by the presence of octylesters and octanol in their essential oils [33, [126] [127] [128] [129] [130] . These compounds, such as octyl acetate, octyl butyrate, octyl hexanoate, octyl octanoate and octyl isobutanoate, often constitute nearly the entire essential oil, with other compounds occurring only as minor ones. Octyl esters were also the main oil compounds of other Heracleum species of Asian (Siberian) provenance [131] . Tordylium apulum fruits may also present an appreciable proportion of α-humulene [132, 133] .
Pastinaca sativa is used as a vegetable and, therefore, is widely cultivated. Furthermore, this species occurs widely in Europe in meadows. The main constituents of oils from the tap root were α-terpinolene and myristicin [138] . In the above ground parts, besides E-β-ocimene, Z-β-ocimene, α-terpinolene and E-βfarnesene, γ-palmitolactone has been identified as a minor compound [139] . However, E-β-ocimene and Z-β-ocimene were the main volatiles emitted from Pastinaca sativa and Heracleum sibiricum L. inflorescences [41] .
Laser trilobum, growing mainly in warm oak forests, had bornyl angelate as its main leaf oil component and a fruit oil made up of mainly limonene and perillaldehyde [18] . This fruit oil was similar to that of Laserpitium siler, a plant growing in mountainous areas of southern Europe [33, 141] . Other Laserpitium species had oils composed mainly of monoterpenes hydrocarbons, such as α-pinene, β-pinene, myrcene and sabinene. α-Pinene and sabinene were the momoterpenes emitted by Laserpitium latifolium inflorescences [41] .
The phenylpropanoid elemicin has been reported as the main root oil compound in various Thapsia species. Furthermore, T. villosa L. has been described as a heterogenous species divided into five types, being diploid, tetraploid or hexaploid. The root oils of these types, which were dominated by sesquiterpenes, differed clearly, with elemicin or β-oplopenone or guaiol or farnesylacetate as main compound [147, 148] .
Torilis arvensis and T. japonica, both occurring in ruderal places, had also oils composed mainly of sesquiterpenes [33, 149] .
The genus Daucus in Europe has been divided into about 10 species. D. carota is extremely polymorphic and a range of subspecies has been described [20, 26] . Accordingly, there were taxa with monoterpenes as main oil components, α-pinene in the above ground organs of D. carota ssp. carota [151, 153, 155] and D. reboudii [162] , and sabinene in D. carota ssp. maritimus [19] and in D. gingidium ssp. gingidium [159] . Cis-chrysanthenyl acetate was the main oil compound in D. littoralis [161] . There were taxa with sesquiterpenoids such as carotol [155] , preisocalamendiol in D. carota ssp. maximus [154] , and β-bisabolene [155] in D. carota ssp. carota. Phenylpropanoids may be amongst the main compounds, such as elemicin in the fruits of D. carota ssp. halophilus [157] . Phenylpropanoids can also be encountered in root oils, for example dill apiole in D. carota ssp. maximus [19] . Isochavicol esters were found in the oil from Algerian D. crinitus [158] .
